Hip muscle weakness is an often-occurring condition after displaced fractures of the proximal femur in older patients. The aim of this study was to compare hip muscle strength and pain in elderly female patients after proximal femoral fracture. Nine female patients (mean±SD of 71.4±3.9 yrs) participated in this study. Knee extensor, hip abductor and adductor muscle strength was evaluated with handheld dynamometer Lafayette (USA) during the first week of postoperative stay in hospital, and 6 months postfracture with fractured and nonfractured leg. Pain was assessed using a visual analogue scale. A week after the operation knee extensor, hip abductor and adductor muscle isometric muscle strength for the fractured leg was decreased (p<0.05) by 50.7%, 55.6% and 38.8%, respectively, compared to the nonfractured limb. At 6-month follow-up, hip muscle strength increased significantly (p < 0.05) in both the fractured and nonfractured leg. Hip muscle strength for the fractured leg was significantly lower (p<0.05) compared with the nonfractured leg 6 months after surgery. Pain score was significantly (p<0.05) higher during the first postoperative week as compared to 6 months follow-up.
INTRODUCTION
Fractures of the proximal segment of the femur occurring most commonly in elderly patients are a serious medical and socioeconomic problem. Globally there are already more than 1.3 million hip fractures each year. Residual lifetime risk of proximal femoral fractures (PFF) for women and men from 60 age is 44% and 25% respectively [17] . Six months after fracture, 30% of patients die [18] , 50% from survivors need assistance in walking and 90% need assistance to climb stairs after one year [4, 5] . Mobility limitations after hip fracture are very common and impaired by deficits of lower-limb muscular strength [12, 15] . Studies of elderly adults have demonstrated that muscle strength deficit is extremely large after PFF [15, 17] . The measurement of muscle strength is a widely used tehnique in geriatrics [1] . The factors related to the impared muscle function may be trauma, surgical treatment, pain, or disuse of the fractured limb [14] . Hip muscles are important in generating maximal leg extensor power, which correlates closely with mobility in elderly subjects. Structured programmes of high-intensity resistance exercise training can achieve marked improvements in muscle function [3] .
The aim of this study was to evaluate hip muscle isometric strength after PFF in elderly women during 1 week and 6 months follow-up.
MATERIAL AND METHODS

Subjects
Nine female patients with PFF (mean±SD age of 71.4±3.9 yrs, height 1.65±0.1 m, body mass 69.0±13.3 kg and body mass index 25.3± 5.2 kg/m 2 ) participated in this study. The subjects were treated by internal fixation in Tartu University Hospital. The fracture types were 31-A1 (1 case, 11.1%), 31-A2 (2 cases, 22.2%), 31-A3 (1 case, 11.1%), 31-B1 (1 case, 11.1%), 31-B2 (4 cases, 44.4%). The type of repair devices were: dynamic hip screw -2 cases, proximal femoral nail -2 cases, proximal femoral nail anti-rotation -2 cases, 3 screw fixation -1 case, total hip arthroplasty -2 cases. 55.6% of the participants had left hip and 44.4% -right hip fracture. Patients were excluded if they met any of the following criteria: (1) Folstein MiniMental State Examination score less than 25 points; (2) dementia or any other neurodegenerative pathology; (3) any impairment of visual, somatosensory, hearing or vestibular function; (4) inability to walk before fracture. Participants had 30 min. physiotherapy during the first week of hospital stay. The training program included specific exercises for all hip muscle groups to improve mobility, strength, balance and achieve independence in functioning. All participants signed the informed written consent prior to their inclusion in the study. The study carried the approval of the University of Tartu Ethics Committee.
Experimental design
Isometric strength of leg muscles was measured 1 week and 6 months postfracture with hand-held dynamometer Lafayette (USA), whereas the fractured leg was tested first. During the trials the subjects sat on a chair. For measuring knee extension the tested hip and knee were flexed at 90 ۫ ◌ ۫ ◌ ۫ ◌. The dynamometer pad was held by the investigator on distal part of the lower limb. For measuring hip abduction and adduction the hip and knee were flexed at 90 ۫ ◌ ۫ ◌ ۫ ◌. The dynamometer pad was held at the lateral and medial femoral condyle respectively. The participants were asked to perform a maximal voluntary isometric contraction. Three trials were performed and the best trial was used for further analysis. Postoperative pain in the hip was evaluated at rest using a visual analogue scale (VAS) at 1 week and 6 months followup. Hip muscle weakness was quantified by comparing maximal voluntary isometric strength outcome between the fractured and nonfractured leg.
Statistical analysis
Data are mean and standard deviations (SD). The changes in muscle strength and pain at 1 week and 6 months follow-up were assessed by one-way ANOVA. A level of p≤0.05 was selected to indicate statistical significance.
RESULTS
Knee extensor, hip abductor and hip adductor muscle isometric strength for the fractured leg compared to the nonfractured leg was significantly lower in the first postoperative week (Figure 1 ). Six months after fracture, hip muscle strength increased significantly in the fractured and nonfractured limbs compared to the first postoperative week. Six months after surgery, isometric knee extensor, hip abductor and adductor muscle strength for the fractured leg was significantly lower compared with the nonfractured leg. Pain score decreased significantly (p≤0.05) 6 months after surgery (Figure 2 ). 
DISCUSSION
The first conclusion of our study is that after PFF the hip muscle isometric strength for the fractured leg was significantly decreased 1 week and 6 months postoperatively. In our study muscle weakness was observed in knee extensors, hip abductor and adductor muscles: 1 week following the surgery the muscle strength for the fractured leg was decreased (p≤0.05) by 50.7%, 55.6% and 38.8% respectively, compared to the nonfractured leg. This is in agreement with the results of several previous studies [4, 15] , indicating voluntary maximal isometric hip muscle force-generating capacity after hip fractures in elderly women. Portegijs et al. [15] have shown that hip muscle asymmetrical deficit persisted during the first postoperative week and that at 1 week and 13 weeks after PFF surgery, leg extensor power increased in the fractured leg and the nonfractured leg by 100% and 30% respectively, whereas the asymmetrical deficit between the fractured and nonfractured limbs was 28.5%. The reasons of considerable muscle deficit may include a mechanical/anatomical limit, reduced muscle mass (atrophy), postoperative hip pain and edema [4, 13] . In elderly obese patients, diabetes and hypertension can be the reasons of muscle mass loss, which is directly associated with muscle strength loss [1] .
The second conclusion is that significant improvement was noted in the strength generating capacity in the fractured leg during 6 months follow-up, but the fractured hip muscle strength deficit compared to the nonfractured leg persisted. Muscle strength improvement can be explained by the various strategies to improve mobility, including gait retraining and exercise programs, which were used during the hospital stay and often after discharge from hospital. The aim of the rehabilitation process was to return elderly patients as quickly as possible to their preoperative functional status [9] . The goal of physiotherapy is to improve mobility, strength and achieve independence [11] . In elderly people Host et al. [8] observed a significant difference in the knee extensor strength measurements between the fractured and nonfractured leg 6 months postfracture. Knee extensors were weaker in the fractured limb than in the nonfractured leg, and this difference reached statistical significance p<0.5. Our study demonstrated similar results. It has been shown that six months after the fracture, physical exercises have the potential to improve physical outcomes and induce gains in strength so that the fractured limb is essentially equivalent to the nonfractured limb [20] . Studies of postfracture hip have shown that regular exercise (resistive and/or aerobic) can improve physical performance (gait, strength), mobility, walking speed, and quadriceps strength. In a study of a center-based intervention initiated 6 months after a hip fracture, benefits in muscle strength, walking speed, balance, and physical performance were found [13] . Song et al. [18] have shown that after 6-month postoperative period, subjects in the tʼai chi program had significantly greater knee extensor endurance. Despite the effectiveness of the delivery system and the reported improvements in exercise and physical activity [13] , the fractured leg can remain by 20% weaker than the nonfractured leg at 3-36 months after hip fracture [15] . One month after surgery, quadriceps strength decreases to 60% of the preoperative level [19] .
The third conclusion is that at 6 months follow-up the knee extensor, hip abductor and adductor isometric muscle strength deficit for the fractured leg was significant (p≤0.05): 36.8.%, 29.9% and 19.4% respectively. It was less than 14.1%, 25.7% and 19.4%, respectively during the first postoperative week. Muscle data demonstrated a slow recovery of muscles. The results of Rasch et al. [16] study show that 6 months postoperatively, hip muscle deficit was 18% and knee extensors fully recovered after 2 years. Recent studies in elderly people show that between 22% and 75% of hip fracture patients do not recover to their prefracture ambulatory or functional status between 6 and 12 months after the fracture [2] . Quadriceps weakness persists even 6 to 13 years after surgery [19] .
The postoperative and earlier recovery period after surgery is characterized by reduction of muscular loading and has been associated with atrophy of the thigh muscle fibres [6] . Loss of function is expected after PFF [17] . Impared hip muscle function may be an important modifiable contributor. Following PFF there is reduction in fast-twich muscle fibre size in the quadriceps. These fibres are important in generating maximal leg extensor power which correlates closely with mobility in frail elderly subjects after PFF [3] .
Pain is one of the factors which may affect functional outcomes during the first postoperative week. Our study demonstrates that the pain score was significantly (p<0.05) higher during the first week as compared to 6 months follow-up. The few studies of patients with hip fractures have focused on management of perioperative pain symptoms or the relationship between acute postoperative pain and functional outcomes [7] . Portegijs et al. [15] demonstrate that at 1 week after surgical repair of the PFF, 12% of the participants experienced no pain, 40% had occasional or slight pain, 23% had pain on initiation of activity, 14% had pain with activity, 7% had constant yet bearable pain, and 5% had constant unbearable pain. At week 13, 31% of the women reported no pain, 57% had occasional or slight pain, and 12% had pain on initiation of activity.
It has been shown that pain severity with movement during hospitalization for the hip fracture was a significant predictor of functional outcomes 2 months after surgery. I was found that pain during the first 3 postoperative days was associated with longer hospital stays, more postoperative complications, missed or shortened physical therapy sessions, delayed ambulation, and lower locomotion scores at 6 months after fracture repair. These studies suggest that pain in the immediate postoperative period has a significant effect on shortand long-term functional outcomes after hip fracture [7] .
In conclusion, voluntary maximal isometric force-generating capacity of knee and hip muscles for the fractured leg was markedly increased 1 week and 6 months postoperatively. Isometric forcegenerating capacity for the fractured leg was significantly improved at 6 months follow-up.
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